Several methods exist for determining work zone capacity. This paper compares three methods: 1) maximum sustained flow, 2) re-scaled cumulative flow curves, and 3) 85 th percentile. Field data from four short-term 2 to 1 work zones of Interstate 70 in Missouri were analyzed and a departments of transportation survey was conducted.
INTRODUCTION
A considerable amount of research has been conducted in the area of work zone capacity estimation.
Analytical (HCM 2000) , regression (Kim et al. 2001 ), neural network (Karim and Adeli 2003) , and other models have been developed using observed values of capacities at work zones. However, different definitions of capacity were used to determine capacity values from field studies. In this paper, capacity values obtained using different definitions of capacity were compared. Re-scaled cumulative flow curves (Banks 2009b ), a popular technique for analyzing freeway bottlenecks, was used to evaluate work zone bottlenecks. Field data was collected at four work zones on two lane sections of I-70 in Missouri. The main objective of this paper is to present different methods based on different definitions of capacity to compute capacity from field data. The study goal is not to develop capacity estimation models (e.g., regression) but to compare different methods of extracting capacity information from the field data which will serve as the training (or estimating) data for capacity estimation models.
The paper is organized as follows. First, the review of the state of the practice in work zone capacity studies is presented. This includes a literature review and a state department of transportation (DOT) web survey that was administered to 50 states. Second, field studies are described along with details of data collection and processing. Third, the results of the application of three methods of capacity computation are shown. The first method is the maximum sustained flow method, the second is the new (to work zones) re-scaled cumulative flow curves method, and the third method is the 85 th percentile method which is also recently proposed in the literature. Last, conclusions and future directions are presented.
REVIEW OF STATE OF THE PRACTICE
A review of state of the practice in work zone capacity was conducted. First, the literature on work zone capacity estimation was reviewed focusing on empirical studies and methods used to estimate capacity.
Then, a questionnaire survey was prepared and sent to 50 state DOTs to obtain knowledge of their current practices in work zone capacity estimation.
Literature Review
Dudek and Richards (1982) reported that roadway capacities at work zones are lower than the capacities under normal operating conditions. They reported on six different lane closure scenarios and used data from 37 sites in Texas. These data were used to develop a chart showing the cumulative distribution of the work zone capacities. The Highway Capacity Manual (HCM) (1994) (and 1985, 1987, 1993, 1998 editions) incorporated this chart as a procedure to determine the capacity at work zones. estimation from the VISSIM microscopic simulation model.
In summary, there were many studies that derived work zone capacities from field data. The primary focus of most studies was to develop a model that could adequately estimate work zone capacities without requiring the collection of actual flows. Each study assumed a certain definition of capacity in estimating its model. The contribution of this paper is to illustrate the differences in capacity values obtained from different capacity definitions. This is important in two ways. The amount of capacity value variation that can be attributed to the difference in definition can be estimated. In addition, the differences in the predicted values obtained from capacity estimation models that are estimated using different capacity definitions can also be estimated.
State-of-the-practice survey of state departments of transportation
A web survey was administered to 50 DOTs in the U.S and 29 DOTs responded. The survey inquired about the following: the definition of work zone capacity, the location where it is measured in the work zone, the factors affecting work zone capacity, the tools used by DOTs to estimate capacity and the capacity values for different lane configurations.
Survey responses
Work Zone Capacity Definition: Sixty-two percent of the respondent DOTs defined work zone capacity as the maximum observed hourly flow during pre-queue conditions. Only Texas, Maine, Washington and Table 2 . These values are later compared with the values obtained from the field studies.
Work Zone Lane Closure Policy: Ninety-three percent of survey respondents indicated that they have a policy of closing lanes either during night time or off-peak hours depending on the type of roadway (e.g., highway, secondary roadway, etc).
DATA COLLECTION AND PROCESSING
Field measurements were taken from four short-term maintenance work zones on Interstate 70 (I-70). Due to the heavy daytime traffic volumes on I-70 inside the urban area of Columbia, lanes were not closed during the day (MoDOT 2010a). Accordingly, all work zones involved nighttime lane closures that still had significant traffic volumes. Data was collected at the following work zones (see Fig. 1 Image processing software was used to automate data extraction using virtual count detectors.
Processing work zone capacity data involved counting vehicles approaching the work zone upstream of the taper area. The filtering of erroneous data was achieved through software scripts. 
COMPUTATION OF CAPACITY FROM FIELD
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The mean value of cumulative flow between 0 t and n t is defined as:
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The difference between cumulative flow at time t and a straight line representing the mean value of cumulative flow between 0 t to n t is: 0 ,
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The point of greatest change in the mean cumulative flow, t , is selected such that As described previously, the following three conditions need to be satisfied: Table 4 . The first and second conditions were not satisfied in all four cases studied when applying the automated flow analysis method for finding PQF. This meant that there was no period of PQF preceding QDF in any of the cases, so no PQF values were included in Table   4 . Table 5 . Case 3 was unusual as compared to the other cases because of a large jump in flow after the 85 percentile. Case 3 also had the lowest 85 th percentile flow.
DISCUSSION OF RESULTS
As is intuitive, the maximum sustained flows decreased as the aggregation interval increased from 5 to 15 minutes at all work zone sites. The capacity values obtained using the three methods (see Fig. 4 ) show that the QDF values were the most conservative estimates of capacity in all four cases. It was also found that the 15 minute sustained flows occurred before the formation of queue in the first three case studies.
In case study 4, the demand was so high that the queue starting forming as soon as the work zone taper was set. In this case, the sustained 15-min flow occurred immediately after the queue formation 
